A study of the quality of reclaimed water in treated effluent, after storage, and at three points in the distribution system of four plants in California, Florida, Massachusetts, and New York was conducted for 1 year. The plants had different treatment processes (conventional versus membrane bioreactor), production capacities, and methods for storage of the water, and the intended end uses of the water were different. The analysis focused on the occurrence of indicator bacteria (heterotrophic bacteria, coliforms, Escherichia coli, and enterococci) and opportunistic pathogens (Aeromonas spp., enteropathogenic E. coli O157:H7, Legionella spp., Mycobacterium spp., and Pseudomonas spp.), as well as algae. Using immunological methods, E. coli O157:H7 was detected in the effluent of only one system, but it was not detected at the sampling points, suggesting that its survival in the system was poor. Although all of the treatment systems effectively reduced the levels of bacteria in the effluent, bacteria regrew in the reservoir and distribution systems because of the loss of residual disinfectant and high assimilable organic carbon levels. In the systems with open reservoirs, algal growth reduced the water quality by increasing the turbidity and accumulating at the end of the distribution system. Opportunistic pathogens, notably Aeromonas, Legionella, Mycobacterium, and Pseudomonas, occurred more frequently than indicator bacteria (enterococci, coliforms, and E. coli). The Mycobacterium spp. were very diverse and occurred most frequently in membrane bioreactor systems, and Mycobacterium cookii was identified more often than the other species. The public health risk associated with these opportunistic pathogens in reclaimed water is unknown. Collectively, our results show the need to develop best management practices for reclaimed water to control bacterial regrowth and degradation of water before it is utilized at the point of use.
Freshwater is becoming increasingly scarce because of increasing populations, changing precipitation patterns, and/or degradation of existing sources of water. Reclaimed water can be used to alleviate some of the shortages. Indeed, reclaiming water for reuse has become increasingly common (39, 42) . By definition, the term reclaimed water refers to effluents that have undergone a combination of physical, chemical, and biological treatments in engineered systems that utilize wastewater treatment technologies to remove suspended solids, dissolved solids, organic matter, nutrients, metals, and pathogens. When ideally practiced, the technologies used result in an effluent whose quality is commensurate with the intended use. Typically, reclaimed water contains a high level of organic matter, which potentially can react with the disinfectant (L. A Weinrich, P. K. Jjemba, E. Giraldo and M. W. LeChevallier, submitted for publication) but also provides nutrition in the form of organic carbon (40, 41) . Depending on the mode of storage, some carbon may also be fixed through photosynthesis by algae, further impacting water quality.
Evaluation of the microbial quality of reclaimed water currently focuses mainly on the abundance of indicator bacteria (namely, coliforms, Escherichia coli, and enterococci) in the treated effluent (4, 13, 39, 42) . However, there is increasing concern about the quality of the water at the point of use (17, 27, 31, 35 ; http://www.americascarcare.com/database /dms/acc1006w50.pdf; http://www.tucsonaz.gov/water/reclaimed .htm). Studies have focused on the regrowth of indicator bacteria, notably coliforms and E. coli (27) . However, most of these indicator organisms are nonpathogenic, and their presence does not clearly correlate with the presence of actual opportunistic pathogens, such as Aeromonas, Legionella, and Mycobacterium, in reclaimed water (7, 16, 20, 22, 24, 27, 29) . To address concerns about the quality of reclaimed water, regrowth of these pathogens in such water, in addition to regrowth of the indicator bacteria, has to be examined.
In this study the biostability of reclaimed water in the distribution systems at four plants that use different treatment processes was examined ( Table 1 ). The treatment practices at the plants in California and Florida examined are conventional practices, whereas the plants in Massachusetts and New York examined use membrane bioreactor (MBR) technology. MBR treatment is a form of activated sludge treatment with a much smaller footprint; it combines membrane-based separation technology with a high level of biological treatment. The plants studied differ in size, geographic location, disinfection practices, and the way in which the reclaimed water is stored. The abundance of indicator bacteria in relation to the abundance of bacteria of public health concern (i.e., Aeromonas, Legionella, Mycobacterium, and Pseudomonas) was specifically determined for each distribution system. Because of its contribution to organic carbon, algal growth in reclaimed water was also determined.
MATERIALS AND METHODS
Sampling and physicochemical analyses. Samples of reclaimed water were obtained from the four plants in winter 2006 and in spring, summer, and fall 2007. In each season samples were collected on four consecutive days. Samples were obtained from the plant effluent, reservoir, and three points in the distribution system (designated DS1, DS2, and DS3). DS1 was always closest to the reservoir, and DS3 was always farthest from the reservoir. Because the lengths of the distribution systems are different, the distances between DS1, DS2, and DS3 were different for the systems. For example, the shortest distance was approximately 5 m from the effluent to the storage tank in the New York high-rise building, and the longest distance was 19.3 km between the effluent and DS3 in the Florida system. The samples used for bacterial analysis were collected in sterile, 1-liter, polypropylene, wide-mouth Nalgene bottles (Nalge Nunc Corporation, Rochester, NY) which contained 0.1 ml of 2% sodium thiosulfate to quench the disinfectant (12) . The samples were shipped on ice via overnight delivery to the laboratory. The water temperature, conductivity, and pH were determined onsite using a SympHony SP80PC and a portable Hach meter (HQ40d), respectively. The residual disinfectant at each sampling point was measured by measuring the free and total chlorine using standard method 4500-Cl G (12) . Nitrate N (NO 3 -N), ammonia N (NH 3 -N), and phosphorus (P) contents were determined using Hach methods 8039, 8155, and 8114, respectively (18) . Alkalinity was determined by using the titration method (12) . Turbidity was measured with a nephelometer (Hach 2100N turbidimeter; Hach, Loveland, CO) as specified by the manufacturer using a set of standards. The sulfide concentrations in the water samples were measured by the methylene blue method (Hach method 8131) using 25-ml aliquots, 1.0 ml of sulfide 1 reagent, and 1.0 ml of sulfide 2 reagent (18) . Hydrogen sulfide and acid-soluble metal sulfides reacted with N,N-dimethyl-p-phenylenediamine sulfate to form methylene blue, whose absorbance at 665 nm was measured after 5 min.
Total organic carbon (TOC) and biodegradable dissolved organic carbon (BDOC) contents were determined as described elsewhere (41) . The assimilable organic carbon (AOC) content was determined as described elsewhere by Wein- Bacterial analyses. Heterotrophic bacteria (HPCs) were enumerated by the spread plate method using R2A medium (pH 7.2) and 100-l aliquots (12) . Concentrations of coliforms, E. coli, enterococci, and Pseudomonas spp. were determined using the membrane filtration method (with a 0.45-m-pore-size cellulose nitrate filter) and 0.1-, 10-, and/or 100-l aliquots, whereas analyses of Aeromonas spp. also included 0.01-l aliquots. Coliform contents were determined using m-Endo LES agar incubated at 35°C for 24 h, and presumptive positive results were confirmed based on the ability of the organisms to ferment lactose (brilliant green broth) at 35°C within 48 h (12) . Fecal coliform contents were determined similarly using m-FC agar containing 1% rosolic acid per liter incubated at 44.5 Ϯ 0.2°C for 24 h, and the presence of presumptive fecal coliforms was verified by fermentation of lactose at 44.5 Ϯ 0.2°C for 24 Ϯ 2 h. E. coli in the reclaimed water was enumerated on m-TEC agar using plates that were initially incubated for 2 h at 35 Ϯ 0.5°C and then incubated at 44.5 Ϯ 0.2°C for 22 h (12). The E. coli content was confirmed with a urea substrate (2 g urea with 10 mg phenol red/100 ml water) after incubation for 15 min and subsequent enumeration of the yellow or yellowish brown colonies under a UV lamp. E. coli ATCC 13706 was used as a positive control for analyses of coliforms and nonpathogenic E. coli. E. coli O157:H7 was detected using a nonquantitative immunomagnetic separation (IMS)-Reveal method as described by Bukhari et al. (8) by filtering 100 ml reclaimed water through a 0.45-m-pore-size membrane filter. E. coli O157:H7 strain ATCC 35150 and E. coli ATCC 13706 were used as positive and negative controls, respectively.
The concentration of Aeromonas spp. was determined using m-Aeromonas selective agar (ASA) modified with ampicillin sodium salt and vancomycin hydrochloride (12) . The ASA plates were incubated overnight at 35°C. Distinct bright yellow colonies that were 1 to 1.5 mm in diameter were considered Aeromonas colonies. Aeromonas hydrophila ATCC 7966 was used as a positive control. Enterococci were enumerated on mE agar amended with cycloheximide (Acti-Dione) and nalidixic acid, as well as 2,3,5-triphenyltetrazolium chloride after autoclaving (12) . The mE agar plates were incubated at 41 Ϯ 0.5°C for 48 h, and then filters with suspect enterococci were placed on EIA substrate plates containing 1 g esculin per liter, 0.5 g ferric citrate per liter, and 15 g agar per liter (pH 7.1 Ϯ 0.2). The EIA plates were incubated at 41 Ϯ 0.5°C for 20 min, and all pink or red colonies that produced a black or reddish brown precipitate on the underside of the plate were counted. Pseudomonas aeruginosa was enumerated on modified M-PA agar incubated at 41.5 Ϯ 0.5°C for 72 h by counting all colonies that were Յ2.2 mm in diameter, were flat, and had light outer rims and brown to greenish black centers.
The concentration of Legionella spp. was determined by filtering (pore size, 0.45 m) 100 ml of reclaimed water and submerging the filter aseptically in 10 ml phosphate buffer. The buffer was vortexed for 30 s, and a 0.1-ml aliquot was mixed with an equal volume of acid (HCl-KCl, pH 2.2) (12). The mixture was incubated at room temperature for 15 min and then neutralized with 0.1 ml of KOH-KCl base. A 0.1-ml aliquot and dilutions were then spread onto buffered charcoal yeast extract (BCYE) plates supplemented with Legionella agar enrichment (BD Difco, MD), which contains primarily cysteine, an essential amino acid for Legionella spp. A PAV supplement (Remel, KS) comprised of polymyxin B, anisomycin, and vancomycin was also added to the autoclaved medium. Legionella pneumophila ATCC 33152 was used as a positive control. The BCYE plates were incubated in a moisturized tub at 35°C, and growth was monitored for 1 week. Randomly selected presumptive Legionella spp. (a maximum of five colonies from each plate) were streaked on BCYE without cysteine (28) . Failure to grow in the absence of cysteine was considered confirmation that Legionella spp. were present.
Mycobacterium spp. were enumerated by initially decontaminating an aliquot of a sample with a 0.005% cetylpyridinium chloride (CPC) solution (12) . The CPC-treated sample was then filtered (pore size, 0.45 m), and the filter was placed on a Middlebrook 7H10 agar plate and incubated for 21 days at 35°C. Randomly selected colonies (a maximum of five colonies from each plate) were subjected to acid-fast staining with carbol-fuchsin and Zeihl-Neelsen stain (Ricca Chemical Company, Arlington, TX) and counterstained with a 1% methylene blue solution (33) . Cells that had a characteristic red color when they were examined with a microscope were considered cells of Mycobacterium spp.
Amplification and further identification of Mycobacterium spp. Because Mycobacterium spp. were encountered so frequently in reclaimed water, DNA was extracted from a few isolates obtained from samples obtained in the winter and summer to identify the predominant species. Cells from individual colonies were grown in M7H9 broth (Hardy Diagnostics) at 35°C until the cultures were fully turbid (4 to 7 days). DNA was extracted from the broth as described by Blackwood et al. (5) using 5-mm glass beads. The DNA was amplified, and the heat shock protein 65 (hsp65) gene was targeted using primers Tb11 (ACCAACGA TGGTGTGTCCAT) and Tb12 (CTTGTCGAACCGCATACCCT) (14, 30, 38) . Amplification was done with PerfCTa SYBR green FastMix (Quanta Biosciences, Gaithersburg, MD) as specified by the manufacturer using 25-l reaction mixtures. The PCR protocol of Devallois et al. (14) was modified as follows: 45 cycles of amplification (1 min at 94°C, 1 min at 60°C, and 1 min at 72°C), followed by a final extension at 72°C for 10 min using a Roche LightCycler 480 System II device (Roche, Indianapolis, IN). The products were subjected to melting curve analysis using the same PCR device after a 2-l aliquot for restriction enzyme analysis was obtained. A melting temperature analysis was conducted using one cycle by heating the PCR products to 95°C for 5 s and cooling them to 65°C. Fluorescence was then detected continuously by increasing the temperature to 97°C in 7 min. Restriction enzyme digestion was performed with HaeIII (at 37°C) and BstEII (at 60°C) for 2 h. Both enzymes were obtained from Promega (Madison, WI) and were used as described by the manufacturer. The digested products were electrophoresed on a 2% 3:1 NuSieve agarose (Cambrex BioScience, Rockland, MD) gel containing 1.5 g of ethidium bromide/ml. All gels also contained a 100-bp DNA marker (Lonza Rockland Inc., Rockland, ME). The gels were run at 100 V for 1.5 h and visualized under UV light to determine the sizes of the fragments. The patterns were analyzed with PRASITE (http://app.chuv.ch/prasite/index.html) for identification. Bands for fragments shorter than 60 bp were not taken into account as they were suspected of being primer or primer dimer bands (14, 38) . Algorithms were also developed based on the presence and absence of specific restriction fragments (100, 110, 120, 140, 180, 190, and 200 bp for HaeI; 60, 100, 110, 120, 140, 180, 200, 210, and 300 bp for BstI) and DNA melting temperatures. PCR products with melting temperatures differing by 0.5°C were placed in different categories. The algorithms were analyzed by the unweighted-pair group method with arithmetic mean (UPGMA) (http://genomes.urv.cat/UPGMA) algorithm using the Jaccard coefficient with 100 bootstrap replicates. A dendrogram was constructed to evaluate the relatedness of the strains identified by the objective method as described by Sokal and Rohlf (34).
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Chlorophyll content. The chlorophyll content was determined as an indicator of the alga and cyanobacterium content in the two systems that have open reservoirs by filtering 500-ml aliquots of reclaimed water through 0.45-m-poresize membranes (Whatman). In some instances, more than one filter was necessary for this large volume. The filter(s) for each aliquot was ground in a glass tissue grinder (Kontes, Vineland, NJ) and dissolved in a mixture of acetone and MgCO 3 (12) . The acetone-MgCO 3 mixture was made by adding 1 g of MgCO 3 to 100 ml of distilled water and combining 90 parts of acetone with 10 parts of the saturated MgCO 3 solution. The dissolved mixture was stored at 4°C in the dark for 4 h and then centrifuged at 500 ϫ g for 20 min. The absorbance at 664 nm of the supernatant was determined after optimization by acidification (0.1 N HCl) and incubation at room temperature for 90 s. The optical densities at 664 nm (OD 664 ) were converted to concentrations using a set of chlorophyll standards (Tokyo Chemical Industries, Tokyo, Japan) whose concentrations were 0, 0.0185, 0.034, 0.05, 0.1, and 0.32 mg/ml.
Statistical analyses. The significance of differences between residual chlorine concentrations was analyzed using analysis of variance (ANOVA) with Excel, and the means were separated using the least significance difference (LSD) test (P Ͻ 0.05). The statistical significance of differences between the densities of bacteria at sampling points at each site was evaluated by adding 1 to each density and log 10 transforming the densities. The transformed data for each sampling location (effluent, storage, and the three points in each distribution system) were compared using the nonparametric Wilcoxon rank sum test.
RESULTS
Physicochemical characteristics of the water. The reclaimed water was generally neutral to slightly alkaline, except for a few instances when the water in the New York MBR was slightly acidic (pH 6.12) ( Table 1 ). The water temperatures were Ͼ20°C, except for extreme cases when the temperatures in the reservoir in the Massachusetts system were close to freezing during the winter. The temperatures were highest and least variable in the New York facility, where the plant and distribution system are entirely inside an air-conditioned high-rise apartment building that is adequately heated in the winter. The turbidity was highest in the two systems with open reservoirs and typically exceeded 5 nephelometric turbidity units (NTU) (the permissible limit in many states) in the reclaimed water distribution systems; the maximum values approached five times this limit. The increases in the distribution system turbidity levels were most prominent in the facilities with open reservoirs. The conductivity, alkalinity, TOC content, and BDOC content were higher in the conventional systems ( Table  1 ). The AOC concentrations in the systems ranged from 149 Ϯ 109 to 1,407 Ϯ 982 g/liter (averages Ϯ standard deviations), and these concentrations were consistently lower in the MBR systems than in the conventional treatment systems with open reservoirs. The concentration of ammonia nitrogen (NH 4 -N) was higher in the conventional systems, whereas the concentration of NO 3 -N was significantly high in the New York MBR system. The concentration of phosphorus was highest in the Massachusetts MBR system. Stability of the residual disinfectant. Three of the four systems use chlorine as a disinfectant (Table 1) . However, after disinfection, the residual chlorine in the distribution system was rapidly and significantly (P Ͻ 0.05) depleted (Table 2) . This depletion occurred in the open storage reservoirs in California and Florida and also in the closed tank in Massachusetts, and none of the systems was able to consistently maintain residual disinfectant at the end of the reclaimed distribution network. The residual disinfectant dissipated rapidly and significantly in every season. A similar trend was observed for the total chlorine content (data not shown).
Inactivation of bacteria. The lowest concentration of heterotrophic bacteria occurred in the trickling filter system in California, where, after chlorination, the concentration of HPCs in the effluent was 6 ϫ 10 3 CFU/100 ml (Table 3) . However, the concentration of HPCs increased at least 10-fold in the distribution system. Similar or even larger increases in the concentration of HPCs were observed in the other three systems irrespective of whether conventional treatment or MBR practices were used. In all four systems the indicator bacteria and opportunistic bacterial pathogens in the disinfected effluent were effectively inactivated. Thus, no or very low densities of coliforms, E. coli, enterococci, Pseudomonas spp., Aeromonas spp., or Legionella spp. were detected in the effluent from the conventional plants (the California and Florida plants) (Table 3) . Chlorination was also effective against a For each location numbers followed by the same letter in each row and numbers followed by the same letter in each column are not significantly different (P Ͼ 0.05). The mean concentrations are based on data for four replicates, and each replicate consisted of samples obtained on four consecutive days. Chlorination is not used at the New York site.
b DS1, DS2, and DS3 are locations in the distribution system; DS1 is closest to the storage site, and DS3 is farthest from the storage site. c At the Massachusetts site, chorine is added at the storage site instead of to the effluent. 
Ͻ1
New York Irrespective of the treatment technology used, higher densities of bacteria were frequently detected in the water after disinfection, suggesting that there was regrowth in the distribution system. The increases were more pronounced for Aeromonas spp., Legionella spp., and Mycobacterium spp., whose concentrations were at least 10-fold higher than the concentrations of the indicators (i.e., coliforms and E. coli) that are typically monitored for regulatory purposes. This set of organisms was also more prevalent in water, as reflected by the abundance of them expressed as a fraction of the heterotrophic bacteria compared to indicator bacteria (Table 3 ). The increases were statistically significant (P Ͻ 0.05) for heterotrophic bacteria at all sites and for a range of organisms in the two systems which use conventional treatment technologies. In the MBR system in Massachusetts Mycobacterium and Legionella also regrew significantly after disinfection. Organic carbon and occurrence of bacteria. The frequency with which coliforms and Pseudomonas spp. occurred in reclaimed water systems increased with increasing AOC concentration (Fig. 1) . The occurrence of Aeromonas, Mycobacterium, and Legionella was high (Ͼ55% of the samples) irrespective of whether the AOC concentration in the reclaimed water was 450 g/liter or more.
Of the three types of indicator bacteria, enterococci were detected least frequently in the reclaimed water (Fig. 2) . In comparison, opportunistic pathogens, notably Aeromonas, Legionella, Mycobacterium, and Pseudomonas, occurred more frequently in the reclaimed water systems. Thus, there were numerous instances in which potentially opportunistic pathogens were present in the reclaimed water distribution system in the absence of indicator organisms. For example, in the New York MBR system, the routinely monitored coliforms were detected rium in the distribution systems (range, 84% to 98% of the samples), a few randomly selected isolates were subjected to further characterization using restriction enzyme fragment length polymorphism (RFLP) and DNA melting temperature analyses. This subsample was quite diverse; the isolates belonged to 12 clusters (Fig. 3) . The species identified most frequently was Mycobacterium cookii. The other taxa identified included Mycobacterium gordonae, Mycobacterium lentiflavum type 4, Mycobacterium astroafricanum type 1, and Mycobacterium aurum type 1. Mycobacterium spp. do not appear to be distribution system specific as M. cookii was detected in all four systems.
Occurrence of E. coli O157:H7. The presence of E. coli O157:H7 was determined using the Reveal test system. This organism was found in reclaimed water only twice in the Florida effluent obtained during the spring and fall. It was not detected in the open reservoir or the distribution system, suggesting that this pathogen may not survive or grow in this environment. E. coli O157:H7 was not detected in any section of the other three systems.
Algal growth and hydrogen sulfide in reclaimed water. The standard curve for the chlorophyll content analysis had a correlation coefficient (R 2 ) of 0.9947. In the open reservoirs, the levels of algae and cyanobacteria were greater during the warmer months; the concentrations increased in the summer and reached the maximum values in the fall (Fig. 4) . Algal cells persisted throughout the distribution system and were not confined to the open reservoir. The chlorophyll level in the distribution system was significantly correlated with the AOC content (R 2 ϭ 0.2112; P Ͻ 0.01) and the BDOC content (R 2 ϭ 0.4033; P Ͻ 0.01), suggesting that algal growth from the reservoir contributed to increases in the level of biodegradable carbon in the distribution system. The levels of hydrogen sulfide in the reclaimed water were several times higher in the two conventional plants than in the MBR systems (Fig. 5) .
DISCUSSION
The loss of residual disinfectant in the systems was accompanied by an increase in the level of bacteria, indicating that it is necessary to maintain a sufficient and stable residual level of disinfectant. The rapid dissipation of free chlorine may have been a result of its ability to react with organic matter, as reflected by the high organic carbon concentration compared to the concentrations typically encountered in potable water. AOC is readily available for consumption by microorganisms, which in turn can enhance the regrowth of bacteria in the reclaimed water. Falkinham et al. (15) reported that there was a strong positive correlation between Mycobacterium and AOC levels (17 to 234 g/liter) in potable water systems that had only a fraction of the AOC levels encountered in the reclaimed water systems. In the present study, high levels of AOC (Ͼ1,350 g/liter) were associated with increased occurrence of coliforms and Pseudomonas spp. in the reclaimed water. Both coliforms and Pseudomonas spp. grow extremely fast. Even at the lowest levels of AOC in reclaimed water, Mycobacterium and Legionella, both of which have slightly lower growth rates than coliforms, Aeromonas spp., and Pseudomonas spp., occurred very frequently. Mycobacterium and Legionella survive quite well in biofilms (25) . Unlike most indicator bacteria, some species of Pseudomonas, Aeromonas, Legionella, and Mycobacterium are opportunistic pathogens, and these organisms regrew to a greater concentration in the distribution system than the indicator bacteria. Regrowth is undesirable as it may cause odor and esthetic problems in reclaimed water, degrading the water quality in the distribution system. The present study shows that the treatment systems investigated (conventional and MBR) are typically capable of generating a high-quality effluent with very low densities of indicator microorganisms. Coliforms were rare in these systems, but opportunistic pathogens (Aeromonas, Legionella, Mycobacte-rium, and Pseudomonas) were detected quite frequently. Thus, while indicator organisms are effective for assessing the efficacy of treatment processes, they may not be representative of the possible risk from regrowth of opportunistic pathogens in the distribution system.
The occurrence of Mycobacterium spp. and the occurrence of Legionella spp. in the distribution system were significantly correlated. Members of both of these genera are known to associate with ciliated protozoa and amoebae (2, 21, 23) , and it has been hypothesized that their intracellular survival provides a training ground for enhancing their pathogenicity to humans (10, 11, 26) . The Legionella-protozoan and Mycobacteriumprotozoan symbiotic relationships can effectively protect the intracellular bacteria against disinfectants (24, 37) . The presence of L. pneumophila and Mycobacterium spp. can pose a hazard, particularly when the water is used for irrigation of lawns with sprinklers as the aerosols generated can expose the general public to these pathogens (1, 9, 36) . Inhalation of airborne droplets or drop nuclei that contain Legionella spp. is believed to be the most common mode of transmission (3) . Such droplets can also be generated by cooling towers or decorative water fountains where reclaimed water is used.
The accumulation of algal cells in a distribution system can significantly impact water quality. Furthermore, decaying algal cells release organic carbon, which in turn increases the demand for disinfectant and increases turbidity. Algal cellular fractions can be a significant source of biodegradable carbon, especially in the presence of an oxidant such as chlorine (6, 19, 32) . All of these factors stimulate bacterial growth, resulting in a loss of oxygen and creating anoxic conditions, which in turn favor anaerobes, such as sulfur-reducing bacteria, as documented for the systems with open reservoirs in which there were also high hydrogen sulfide concentrations. Hydrogen sulfide is an indicator of foul odors, a common complaint of reclaimed water end users (http://www.americascarcare.com /database/dms/acc1006w50.pdf). The accumulation of algal cells can be controlled by regular flushing of the reclaimed water systems, use of algaecides, or removal of the algae using fine-mesh screens.
In summary, trickling filters with tertiary sand filtration, activated sludge with secondary filtration, and membrane bioreactor processes effectively removed the indicator bacteria. However, the bacteria regrew in reclaimed water after disinfection because of the rapid dissipation of the disinfectant in the system and the high levels of organic carbon, which created a high demand for disinfectant. The regrowth and frequency of occurrence were even greater for opportunistic pathogens, such as Aeromonas, Mycobacterium, and Legionella, than for routine indicator bacteria. The use of indicator bacteria to monitor water quality may not reflect all of the subsequent risks that can occur downstream of the treatment process, particularly in reclaimed water distribution systems where nutrient and temperature profiles are more favorable for microbial survival and regrowth. A full assessment of the public health risks associated with opportunistic pathogens in reclaimed water needs to be conducted.
